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K R r r A c L 



Tha size of many schools In th^ Asian Regloni especially in 
the rural ar^aB^ iy such that^ were saparace laboratories for 
physics, nhamistry and biology to be provided, they would be 
grossly undur- utilized. In such cases, one laboratory is usually 
sufficient Lor science teaching and learning in all three fields. 
Ifovever, thv curricula of many States^ especially at the lower 
second- ieve 3 of education ^ include n subject known as General 
Science^ Scicnct' or in the case of one count ry^ Integrated 
Science. These various titles usually indicate the inclusion in 
the curricula of maierial from the fields of biology , physics and 
chemistry, which Tiiay be taught either consecutively or as concapt 
art :is in which a topic such as heat is dealt with in its physl^ 
cal, biologica] and chemical contexts. 

This pape describes spaces suitable for the Tnultl--purpose 
of all of the Hbove science activities at the lower second level 
of education* As is the practice in many of the Institute's 
papers, it has been felt more useful to discuss the general as- 
pects of the prublem and to describe how the principles estab- 
lished are applied to situations in the Region, The two case 
studies described here relate to the lower second=level science 
curricula of Ceylon and the Integrated Science currlculuin of 
Malaysia, The Governments of both countries have been suffi^ 
ciontly intprestecl in the idtMS expressed to allow the Institute 
to try them out in full scale laboratories* In Ceylon, a labora^ 
tory lias already h^Qn furnished in a standard building and is 
currently under study to determine Co what extent the criteria 
for desigr! are valid and in what ways the teachers and children 
respond to the new environment provided. The Malaysian labora^ 
tory, also in a standard school, is presently under construction 
and will be similarly studied when it is occupied. The Institute 
is grateful to the respective Governments for their collabora"- 
tion, the results of which will be report ed in a separate paper 
at the conciusion of the field trials. 
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SUMMARY 



The size lI ^any schools In the Asian Region, especially in 
the rural area^ , is such that were separate laboratories for 
cbemiscrv cad blDlogy to be provided, they would be grossly un- 
der- uLilizi^d . In such cases, one laboratory is usually suffi- 
cient for science teaching and learning in all three fields, 

HowGvar. the curricula of many States, especially at lower 
sacond-levol, include a subject known as General Science or just 
Science. This subject includes contents froin biology, physics 
and chemistry, which may be taught either consecutively or as 
concept areas in which a topic such as heat is dealt with m its 
physicnl, biological or chemical context. For the purposes of 
this paper, spaces for this type of learning are called Tnter^ 

The design of science teaching spaces for both of the situ- 
ations outlined above presents many coTmon problenis which are 
best brought out through the media of case studies for particular 
situation.^. This Indicates a design approach adopted for situa-- 
cions in two countries. A similar approach can be used for other 
similar situations, although the sclution may be different. The 
ca^es considered are the design of /m Integrated Science labora- 
tory in an area of its own for Halaysia (I)* and of a Multi- 
Science laboratorv for Ceylon (II) where it is proposed to use a 
section of a typical hall-type school for science teaching at 
lower second'- levGl 

The solution of Case I is for a more sophisticated situa- 
tion where fixed services will be provided. These have been in- 
stalled in flKed units located strategically in the laboratory. 

The woi^ tahles are movable. 

» 

A solution of Case I I Includes a storage unit made of pre- 
fabricated wooden eleinents which, placed strategically in the 
open hall building, serves, besides its storing function, as a 
room divider and as a cnalk-plnup board. The transport of equip- 
ment between the storage unit and the work stations is facillca- 
ted by the use of mobile service units which can be attached to 
the work tables in different positions. No fixed services are 
ne ed e d or provided. 

The approaches in both Case Studies came about through ana- 
lysis of needs resulting from a study of i iaching method, avail- 
able equipment and schemes of work. 

9 
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1 "^1 T R 0 V U- C J I 0 N 



The InstiCute has already publiehed studies on the design of 
la^v**er second-level laboratories for chemistry , physics and bio= 
logy caachlng. This study deals with the design of laboratories 
for Che same level of education but in which all three sciences 
may be taught in one form or another* ^Tnilst separate labora^ 
tories for each field of science teaching and learning are no 
doubt convenlents the demand^ especially in the rural ^areas of 
Asia, is for o single^ inexpensive space in which the children of 
smaller schools can have the same opportuni ^ ies for science 
learning as other children who are fortunate anough to attend the 
larger and usually better equipped urban schools* 

Few educacion authorities can affort to build teaching 
spaces that are not economically need* Utilization of teaching 
spaceH varies, depending on their function* One hundred per cent 
utilization cm be expected of the normal classroom. Workshop 
and laboratories, on the other hand^ are nomally not used for 
njore than froin 80 to 90% of the week as, between periods s there 
is a need for cleaning up and preparation for the next lesson, 
Assunilng wha*: the economic use of a laboratory is to be more 
than 804i it i^ possible through a study of the curr ala for 
science teactdug in the countries of the Asian Region, to deter-- 
mine the needs for accommodation in relation to enrolment pat-^ 
terns. Obviously, a single stream school, that is, a school with 
only uriQ class group or K-ection of each grade, will require less 
accommodation than a two or three stream school with two or three 
teaching groups or SKCtions per ^rade. 

Table I shows the labor. :=ory needs for different situa-^ 
^^lun'. It assumes a maximum u Mlzatlon of 40 periods per week 
And an economic utilization of 0% or 32 periods. 
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tj Tht ntJij^tK 0^ taboJL£UtaH4.u caZm^Lttd on a ^choot 

Some coiCTnent is necessary nn coluims (vii) ^ (ix) and (x) of 
Table T, It will be noted that for all countries only one lab- 
oratory is required I'or each single stream school (column vlii). 
In f.?ct the utilization will in most cases , be substantially lees 
than the 80% mentioned abova* In The Republic of Korea and Gam- 
bodia, the utillEstion will be only 30%, whilst in eight other 
councries, it will only be 40Z.% Afghanistan and Burma would make 
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60% use of a single laboratory whilst Csylon would slightly ovar*- 
utiliici at 100/i- (In such a caae, a umalli carefully aelected 
portion of the Byllabus could be taught in an ordinary classroomX 

For two strsOT schools^ only Afghanistan^ Burmaj Ceyloni In- 
donasia, Mongolia and the Philippines need two laboratories 
whilsc^ even with two streams , , the remaining countries would 
still be makirig lass than economic use of a single laboratory, 

Where there are three streams , Ceylon and Indonesia would 
require three laboratories and thus could economically provlda 
separate facilities for chemistry j physics and biology teaching* 
Some countries s however continue to require only one laboratory * 
and four of the nineteen countries, even with three streams in 
their schools, need only one teaching space for sciencet 

It is clear from the foregoing, that the old conceptioni* 
still comiiion in a few countries of the Region, that a separate 
laboratory is needed for each of the three sciences, is not valid 
on the basis of economic use of the capital invested in build-- 
ings. It may be a valid conception in relation to the teaching 
needs and it is one of the purposes of this paper to eKplore this 
point and to^lshow whether or not a laboratory can be designed to 
provide for these needs in a single space, 

A further and final conclusion that can be drawti from the 
study of the praaant position in the Region is that when there is 
uneconomical use of teaching spaces ^ there is also likely to be 
uneconomical use of scarce science teachers* Kie need for a 
single laboratory in which to teach all three eclances has also 
to be matched by a teacher able to perform the function of a 
Tnulti-science teacher* The situation thus has Implications for 
teacher training as wall as far buildlug design. 



APPROACH TO THE LABOMTOm DESIGN PROBLEM 



The gtu^^y that follows Is divided into two partsi The first 
deals with the analytical phase of the design process and its 
content is ^ to some extentj relevant to the analysts of any de* 
sign problM, although in this case it has, of course ^ a science 
laboratory flavour. The second part identifies to what mKtmt 
organisational factors are likely to influence the design In the 
case of multi-science and integrated science laboratories. The 
second part in fact relates the initial analysis to the speaific 
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laboratory desi^ problra md applies it to two dsfilgn situations 
Che multi^sQieaaa laboratory daaign for GeyloA, the othar 

integrated sciatica laborato^ dasign for Itelaysla. In tha sacond 
partp tha ganaral factors astabllahad In tha Malysls are ordarad 
to giva thOT weight in ralatlon to their i^ortanca in tha two 
situations under study. Subsaquentlyi the waight factors form 
the basis of translatian into architectural luguagas; 



PARI ! " lAiiois ujnuEmm scjcnce LABomoRv vesign 



A, 



THE cruotrn 



1. 



A principal rnc^ said, *-Don't make the furniture too eom^ 
fortable bncMusfc che sLudents might fall asleep". Probably, at 
some time or other, students had fallen aileep during his lessons 
and he may IuiVg tliought the reason for this was the excessively 
comfortablt* furniture* Others might think that a laboratory 
should be designed to be as comfortable as possible in order to 
provide the maKirnurn convenience in use* 

There nre two aspects of comfort , the physical and the psy- 
chologic a1. It ih the author's opinion that a physically comfor- 
table labouatnry is a pre^requiBlte to the establishment of the 
frame of mind in which the strident is ready to learn. Discomfort 
impedes lenrning and the impedance increases as the lesson pro- 
ceeds with increasing difficulty in retaining interest in experi- 
ments or Jn lifitening to the teacher. What has to be remembered 
is that, in mosL situations, the laboratory is being used by an 
average teachei^ and by students ^ many of which are not highly 
motivated i^owards science learning. Comfort ^ in such a casep is 
likely to bc^ of greater significance than may be thought * 

Physical cnmrorL involves the provision of enough light to 
see the chalkboard, ro write and to work easily; it involves ease 
of movement, case uf sitting etc* The criteria for comfort, will 
be establitihed in tiic following sections. 

2* Tim Dc^inn .^ziuh>it 

J_ . ir^^ . - - - 

The u??^" rnngo of the students using the laboratoriei i which 

form the r.ubject of this stjiidy. Is from about 13 to 15 years, 

Their mean standing heights are as followsi^ ^ 



Age 13 years - 141 cm, 

14 years 146 ctn. 

15 years - 151 cm* 



The 14 year old 
purposes of Bizin.^ 
of the laboratories* 



has been selected as the "design student" for 
the furniture, fittings and building details 
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3, The Student and the Lc^opatovy Bmah 

The most critical aspect of laboratory design is the height 
of the working surface above floor level* This is somewhat dif-^ 
ficult to define as, for part of the time the student will be 
sitting to work and, for the rest of the time, standing* 

The most convenient 
height for standing work^ 
in respect of the 14 year 
old *Mesign student" is 
61cm* The design solu-- 
tion (to this problem) is 
to provide a chair or 
stool, the height of 
which makes sitting at 
the 76cm high bench most 
comfortable* A stool to 
meet this need will have 
its seat at 55cm above 
floor level and will be 
provided with a foot rest 
at 15cm. above the floor* 
An alternative foot rest 
should also be provided 
^der the bench so that 
the student may adopt an 
alternative, position for 
the legs when the use of 
the stool rest becomes 
tiresome. Figure 1, ill- 
ustrates these points. 



A further and important aspect of laboratory bench design 
that is frequently overlooked is the need for provision of free 
knee space between the top of the seat and the underside of the 
bench top, TMs space should be such as to allow the student 
easily to move to different sitting positions. This requires the 
bench top to be kept as thin as possible and supporting members 
either of very small dimensions or located well back from the 
bench front, leaving free space for the knees. 

Where the laboratory Is used for a substantial amount of 
lecture and demonstration work by the teacher, as well as experi- 
mental work by the students, then back rests to stools will be 

6 
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found Ld contribute gubitantially to comfort. However ^ eKperi- 
ence of prototype stools designad in the Institute and used in 
lEboratories whert the bulk of the work comprises student eKperi^ 
mentis suggests that the back of the Gtool impedcc scvftaent and 
Bteoli without backs are preferred by students. 



The final consideration 
in designing the shape of the 
laboratory bench is the area 
of working surface to be pro-^ 
vided. Tliis is governed by 
two factors. First, the reach- 
ing capacity of the student 
and* secondly, the size of the 
experiments to be made. The 
second consideration need not 
concern us here as, whatever 
area is finally selected us* 
Ing the first criterion can 
be made to ©eet the second by 
joining benches together so 
thats for eKamplei optical ex-- 
periments that may require two 
or three metres of bench length 
can be easily carried out. 




A SITTir^G PU?1L CONViHliNT 
Q -I!- Ml- MAXIMUM 

C STANDiNO 



Measurement© ■ of ' seated 
14 years old students show that 
the length of bench that can be 
used is about 60 cm. This 
length permits of notetaklng or 
writing. Fifteen centimetres 

should be left between one student and the neKt tor "eiDow room . 
The design student ^ leaning forward and reaching out from the 
stool can conveniently hmdle apparatus up to a distance of 50cm 
away from the bench edge* The mamm student standing can reach 
apparatus at a distance of 58cm. comfortably. The limit of reach 
for seated students Is 63cm and for standing students i 84cmp Thm 
possibilities are illustrated diagraimatically in Figure 2* 



LIMITS OF REACH AT 
LABORATORY BENCH 

fig* 2 



The Stiddmnt Storage 

From the foregoing section, it will have been concluded that 
the student -s bench is an unsuitable place for storage, ^ The 
space beneath the bench is left free for knee and leg movCTent 
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and the surfs :U for working. St:orag^ yheXving hm tiiU^s to be 
located elrewh«r^i in Uhe laboratory, Tha moat rjbvioun ijlaGes for 
this are the walls, Ixi locating storiige units ot vmllsa however ^ 
account will have "to ha takeii of thf?. need for chalk and pin-tip 
boards^ voiitilaci^^n npfenlngi ^nd doors * Xadefca^ in hot 5 htouid 
climatees v^here both th^a ^axternal vail and tha wall facirg it are 
open to pro%'idc the v^jntllation ncadud for thcrinnl GOii^orts the 
only verticr?! ^yir^scus available for nfora^c a?rc ununlly the 
cross walls* Thsrri i^ n tumptation in cue-: rssnrlctad cciiditions 
to provide n^cro^'i sijalv^^j and cunbo^irc'o vhich ara ^^Ithrar tea low 
or too hloh cDfivc^ ^iant uo^* Vh'i solution tn this problem 

(which is discunsQd nor^ fully helov^) is in the pravloion of a 
storage roon xov all bvt tho most cnmronly u^od itcnn rltich are 
kept in sots cithr^r cn movable trolleys c^. in fitted units con- 
veniently arrL!n3:^d at lou level in thu Uboratory^ 




0 10 in jtj :i cm. 

CONVENIENT REACHING 
AT SHED/SS fiq. 3 



veninnt heights nbrvC'Slooi* level 
for storage ohelvos'^ Firots the 
Iteu should bo easy to Sfr.s stand- 
In^j Fioaondly^ in bo snolly 

^□sched ardj thirdly j * easily 
llftod from ths ciic^lvsG* At 
IGOc^, mXyfijii fln-r Icv-^il^ .I'uilst 
it will Just bo ponnllO.n to reach 
an itpm cn a chelf ^ it cr.n only 
be lifted off th- rh^Af if It is 
light and cta^oy to crip. At 
shouldei: level it njlll ba possi- 
ble to r Btrieve ±tc^^ from a 
shelf 50cm* dri:p* Items stored 
below 39ct. abo-^^o floor level 
will Mqtilre 6rbctn:^^icilly more 
i^ffwJL tu :;ift, hjc^ Lo "^lUe need 
to b^ndj tha:^ itCT^ stored 
C lightly highetT. 

Ihers foctorG have all been 
connldsred tn Finure 3 which in- 
dlcat'ss (in ^be darkened area) 
the ir.GOt convenient rGiie for 
storage. What .iort of ItedSS 
should be stored in the labora- 
tory on wall shelves is consider^ 
ed beloir in the sectlcn on equip-- 
nient and storngep 
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MINIMUM DISTANCE BETWEEN FURNITURE 

fig. 4 
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5, The Studmt Moving Around the Labomtory 



The character of school work coday is mora informal and 
flGKible than it used be* In science teaching and learning in 
particular students move about much more as activities change^ 
often during one period in the laboratory from group work to die-- 
cuBSion to short demonstration and so on* The design of the lab- 
oratory must be such as to facilitate this movefflent * Figure 4 
indicates some significant minimum dimensions in this respect. 

In addition to providing space for movemantj however, it is 
also important to avoid the longs narrow passages between rows of 
fixed benches that are. so characteristic of traditional labora-- 
tories and ao inhibiting to easy movement. Figure 5 suggests how 
bench arrangements can permit of easier movement in a modern lab- 
oratory* 



bad good 

EASE OF MOVEMENT IN THE LABORATORY 

fig. 5 




Laboratory workj however ^ includes a number of fine tasks 
such as dissection (in biology) ^ magnetism and weightng (in phy- 
sics and chemistry) and colour discrimination (In chemistry)* 
These finer tasks require more light than would be necessary for 
reading and writing- It Is recommended therefore ^ thac the gen- 
eral level of llliHtilnation in a laboratory should be such that 
it is possible to obtain substantially higher illumination levels 
by moving nearer to windows where levels of 500 luK should be 
easy to obtain, 150 lux is an adequate Illumination level for 
the rest of the space. The Institute's School Building Digest 
No* 9 shows methods of calculating window sises to give predeter- 
mined Illumination levels in laboratories* 

10 
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SCimCIi EDUCATION 



"If you give a man a fish, he will eat once. If you teach 
n man to flshshe will eat for the rest of his life"* (Kauan-tgUj 
Chinese Philosopher, 3-4th cenc.B.) 

One of thti firsc questions to be asked by a designer of a 
laboratory is, **Wbac Is the purpose and function of the room?" 
The answer might be, "The laboratory is a place in which students 
are supposed to learn and to develop certain attitudeo and apti- 
tudes ivi relation to science. The aims and objectives of science 
teaching and learning are set out in the curriculum which may be 
elaborated in detail schemes of work and possibly supported by 
teKtbooks". As far as laboratory design is concerned, the reali- 
zation of science teaching and learning Involves the following, 
considerations i 

2. PraaHcat Work 

An important activity in the laboratory is practical work by 
the students. In the general purpose laboratory ^ this will be, 
somewhat naturally, more varied than in specialised laboratories 
for physics, chemistry or biology. Activities may include:- 

- individual work or work in small groups involving 

perhaps, mlcrgscopesi 

- work in larger groups on mechanics experiments; 

- chemical experiments requiring heat and water; 

- physical experiments requiring electricity | 

- dissection work requiring very good illumination; 

- mechanical ■ eKperlments such as the triangle of 

forces for which lower Illumination levels will 
suffice; 

- lengthy experiments such as the growing of plants; 

- short experiments such as the explosion of a bal- 

loon ; 

- balance work and optical experimants requiring 

scable surfaces; 

- free-standing exercises requiring floor space, 

such as experiments in centrifugal force* 

Obviously the spaces provided for such a wide range of acti^ 
vities need to be designed very carefully and an inherent charac- 
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teristic of the design solution itiuat be fleKlbility to allo&i the 
adaptation of the laboratory for the needs of each different type 
of eKperimentnl activity, 

g. Abl^ and AdvanQ&^d Btudantii 

WliilsC most activities follow the patterns set out in the 
achemes of warks Gxceptionally able or advanced students are 
often encouraged to eKtend their understanding of various sec- 
tions of the syllabus by working on their own. Often this sort 
of student will return to the laboratory to continue work after 
school hours* Some space should be provided in the laboratory by 
the designer for these students. They will usually be few in 
number and the space may be small* Its provision Is^ however , 
important . 

■ 

One of ihe ways of encouraging Interest in science is 
through science clubs* Clubs permit the student to interest him-- 
self ^ either individually or as a member of a small group, in as- 
pects of science for which time is not available during the nor^ 
mal science periods. The main impact of club activities on lab-^ 
oratory design Is in the need for separate storage* Case Study I 
indicates a solution to this problem* 

Many factors determine the number of students working to- 
gether as a group on a single experiment* Although education 
should be directed towards the individual ^ one of the beat ways 
of doing this may be through discussion with and learning from 
peers. Moreover, ability to work in a group is Itself one of the 
desired outcomes of the education process. Much work has been 
done on the psychology of working in groups and it will be suffi- 
cient for the present purpose to say that groups of up to about 
ten in number pose no special problems* The importance of group 
work in many countries springs , however ^ not only from education- 
al considerations but also from the need to share scarce equip- 
ment between several students, (There is often not enough equips 
ment for individual work to allow the student to study profitably 
on his own , ) 

The general conclusion that is drawn from the foregoing is 
that the design of the laboratory should be such as to peCTiit 
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working in groups of various sizES, Different situations will 
result in cUfferant rumbera In the groups and chls, as is shown 
later, has an affect on the design of work stations in the labor- 
story. 

6 , Dcmoms ti'aticna 

Ifliilit there is a trend tov/ards Increasing the amount of 
practical work to be done by the students, demonstrations of se- 
lected raatarial by the teacher will continue to play a signifi- 
cant part in the total learning process. There may also be other 
reasons for demonstrations by the teacher such as when there la 
an element of danger in the experiment or when a particularly 
delicate or expensive piece of equipment is involved* 

Normally s however, a demonstration may be given either to 
» prepared the students for a subsequent escperlment that they 
themselves undertake , or in recapitulation and reinforcement of 
work that the students have already completed. 

VAiatever the casSs the designer must ensure that the demon- 
stration can easily be seen and the closer the view the better. 
Some solutions to this problem are suggested in Figure 6. 

7« Teaahar^s Work station 

There is no real need for a fixed and separate demonstration 
table as demonstrations can easily be given on one of the student 
benche?^. The teacher does need^ however, a place to prepare and 
to mark students' work. This teacher's work station should ba in 
the laboratory and in such a position that a good view can be ob- 
tained of all student activities. There is no longer any need^ 
at least from a functional view-point, to locate the teacher's 
table at the front of the laboratory as was the practice in tra- 
ditionnl Jaboratory design of the past* Indeed, the role of the 
teacher as a cc worker rather than a mentor makes it important to 
locate him among, rather than in front of and above, the children. 

Teaahing Aid8 

The most Important, aid in the laboratory continues to be the 
chalkboard which is used for tables, diagrams 3 and the like. 
There are, it is true, other devices, such as the overhead pro- 
jector, which are almost equally useful, but they require power 
and ar3 much more eKpensive than chalkboards to buy. 
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For the Asian Region, 
for some while to comei 
the chalkboard will thus 
conclnue in common use* 
What is important is that 
chalkboards should be pro- 
vided of sizes and in 
positions where they will 
be of the greatest value. 
The demonstration area 
clearly requires a board 
and Figure 7 shows suit^ 
able minimum sises and 
heights , 

In science teaching 
and learning, however, 
where the teacher is fre^ 
quently wprking among the 
students at their labora- 
tory tables, chalkboards 
can usefully be fixed at strategic points around the teacning 
space for intermittent use in discussing a point, Vl^ere doors 
are flush panelled, for example , they can bt painted with chalk- 
board or other matt paint and provide good surfaces for writing 
Of sketching t Flush cupboard doors are also useful in the same 
way. 

Science teaching makes considerable use of prepared charts 
and drawings of plants, animals ^ periodic tables and the like. 
Rails for hanging cliis material should be provided in as many 
places as possible In the laboratory. Part of the area near the 
chalkboard, if finis'^ed Ln softboard, will also suit this purpose 
admirably. 

9. Serviaeo ^ water ^ heat and Qleotria power 

i) Water and wastQ liQuida 

Running water from a tap Is no doubt, the most convenient 
form in which this particular service can be introduced into a 
laboratory p The difficulty with piped water supplies is that 
they are fixed in position. The fixing of a service runs counter 
to modern Ideas of teaching and learning which demand flexibility 
in the laboratory. Two solutions to this problem are In use. The 
first is the location of the water outlets and sinks around the 
laboratory perimeter from which the students can collect and 
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: ^'luur to tliE^lr work stntlon which can iCseif be a wovnblc 

iu-iich, HeuimtUy, a fuw small isulnLed bollarcli at which water, 
0 k'ct rir Uy and ^,aiA ire nvailable, can be fixed ac strattsgic 
j"/'-n:s abuuL liif l:\bori\trry iloor and Lhc movable benchys nrrang- 
c • ^!v'.^!r\*d .inninii Llii^ni. 

i'li'ly uf t^caching Hchemoa may auggasLj howfrver, thnC the re-- 
qu 1 rt^iTiunl:^ for water are of tun very much less than might be 
t;hnu)^hU rnc^ludlng an ailuwancij for waahing up after eKperimenCSs 
ii. tlw bwlu^mny for chamistry in one counlry of thD Region, 
liCKsrt wat^ fuund to bt^ the maximum requirement for a group of 
live Ktudnnts for an entire term. Clearly there is no prima 
facie caBG to bfe made for piping water to a laboratory with such 
a ^TmalJ consuimpt ton . Two or 3 litre aspirators ^ filled from time 
CO i imo frovA a convenient well or other clean source ^ will pro^ 
vide al L the water that is needed in that particular Bituation. 

^.Thir concJusion concerning water aupply is vary important 
for rhe Region In which chere are a very large number of rural 
schools with no piped water and in which also the cost of an ln=- 
bcallation would ot ten be sufficiently high to prohibit the 
teaching of science, vere there no alternative sources of supply, 

Mucli the same ren*5oning can be applied to the problam of 
drainaHt^ of laboratory wastes frotn sinks. Fixed sinks and drain- 
age are a res^^rictlng factor in a laboratory for which flextblli" 
ty in ri major design criterion and, moreover ^ are expensive, 
FI/cr':= it can be demonstrated, by studying of teaching schemes 
f! t.! tli.? real consumption of water is small, then a simple pias^ 
tic bow] is a good suhstLtute for a ceramic fixture. Waste water 
from the bowl can be thrown out Into a convenient drain at the 
end of every day, (Plate II) 

' : ^: ■ 

A MpirlL lamp is a convenient and adequate tool for heating 
a tti.st tube- vherc supplif": of Hpirit are readily available, 
(Phiii M.J), Where rhuy are not, then a small primus stove can 
ho u:^ed for heating both test tubes and beakers. (Plate IV) The 
buns en luirner is, of course much more convenient than either a 
lamp or a primus srove. Fuel for a bunsen burner is, however, 
tne main problem. Wliere i\ns is not available, then a type of 
burner fed under pressure by methylated spirits from a container 
hupr^ 'ilgh on the wall is one solution, whilst another is the use 
ul • ,iH ^;wneratnr or of bottled gas. Town supnlles of gas are 
l^'r^i\y :o be very rarely available In the Region. 
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Where electricity is available and not gas, then small im^ 
mersion heaters can be used for beakers. The difficulty of pro^- 
vlding a suitable heat sQurce in a rural situation is, as will be 
seen from the above j very considerable. The intrnductlon of semi- 
tnicro chemistry has much to reconimend it if only for the reason^ 
that all heating caTi be arranged with a small spirit lamp* 

iii) ElBCtv^.^ity 

As with gas the water supply, perhaps the first and most im- 
portant enquiry to be tnade by the designer is, to what extent the 
facility Is used. Very little electrical power is needed for che^ 
mistry and biology teaching and learning and, moreover, its use 
is infrequent. Physics of which the study of electrical phenomena 
forms a major part, has an obvious and greater need for this ser- 
vice in the laboratory. Even so, for lower secondary education 
there are very few experiments indeed that cannot be satisfact- 
orily carried out with dry cells or accumulators. These can, be- 
cause they are portable, be located at any convenient place in 
the laboratory and are easily recharged in areas where motor 
vehicles normally operate. There is virtually no case to be tnade 
for the installation of electric mains power in laboratories of 
Che type under discussion in this paper and, indeed ^ mains power 
is not only unnecessnry, but can be dangerous, 

10. Eaitn.vrnenz and ttn Storage 

There are three questions that have to be considered in con^- 
nection with the design of storage facilities for laboratories^- 

i) What is to be stored? 
ii) Where are items to be stored? 
iii) How are items to be stored? 

i } >fnat to ntorc 

The main items to be stored are, of course, those required 
for demonstration by the teacher and experimental work by the 
students. Most education authorities have standard lists of 
equipment needed and supplied for science teaching. There is 
often a difference, which varies from country to country, between 
the Ideal lists and the equinment actually provided. Sometimes 
the lists represent what is required by the curriculum and bear 
little, if any, relationship to the financial resources available 
for equipment purchase. Occasionally an education authority will 
produce interim lists which are related to its resources at a 
point in time and to which it is anticipated th%t substantial 
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adUiL:.-.M' V. : ' I hi nuidi: xA.un mc»ri nionty is dvailabie. Sometimes, 
teachiSrs are encourngud as a matter of ijience teaching policy^ 
to use lo.::il m.-^tarial in exper imt^ncal work and the students mav 
makt? fiiiipnienc for expL^rinenrri tbev havo designed themselves. In 
tht^ Licld of hLDio;;y, in parcicular, the callection of local mat^ 
erial uny vary conrflderably from school Lo school, even in the 
same disrrl'. t dui^ tc tii- varving du^:refes of enthusias'T: of the 
Cearht^r? and students , In one schc^ol in northarn India, for ex^ 
ampK-, tht^ siudcnis found a dead raniel tba skeJoton of which was, 
alter prep/irac Lnn , mounLod for study in the laboratory. This mav 
be a Homi-wiKU o:<t:roTno eKample of entnusiasni but it well illus- 
crates the no Lnr cnic wfiac Lh set down in the official lists of 
aquipinont ind reaching nids in not nece«snrily all that will be 
found in the laboratc^ry and indicate.^ the need for storage of un- 
forseen itemri. 

The best way of determining what is to be stored 
finditip out what sort of storage problems are likely to be faced, 
is LO set unc all the issued equipment and to measure the volume 
of space occupied, noting any items that by virtue of their shape 
or other characteristics, require special types of storage 
arrangements snch as racks, drawers, shelving, hooks etc* 

In a trial nf the space requirements for the standard che- 
mis try teaching equipment for Ceyion, for eKample, it was found 
thaC 2*2 sq.m. of shelving was needed for all the items, tightly 
packed* Spri' lag tlie i cems out for convenience of selection and 
handling suggested tiiat some 12 sn*m* of shelving was a practl'' 
cal requirement. 

In addltiun to enuipment, storage space should also be pro- 
vided for tiie many books and bags that are brought into the lab- 
oratory and which, when placed on the laboratory benches, reduce 
the effective working space nnd crente a hazard in respect of en- 
perimentai work* 

ii) ^^:^-r.: t... o %crc 

A good v^enera] rule is that items which are most commonly 
used should be more easily accessible than those that are not. 
This gives an obvious Having in both time and energy. The impli- 
cations of tfiis statement have been carefully studied with res- 
pect to the Ceylon Science Equipment Lists and frequency of use 
tables (as indlcnted by the teaching schemes) prepared in respect 
of teacher demonstrations and student ' xperlraental work. Table II 
gives the 20 items most frequently used by the students in carry- 
ing out the experLments recommended in the schemes. 
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TABLE II*- THE 20 mST CX^imNLY USED ITEMS IN THE CEYLON SCIENCE 

SCHEMES OF WOM FOR GMDES IX i X 

[FlguAU Indicate tht numbiA ocm&ions at u^hlah -tte dc^ieAtnt 
4^m6 a/Lt ta fee lUed*} ftguKu mJthLn buakeX^ -indicate hit max- 
imm mmbt/Lb o( tht sojk Jjtejn n^jtdtd at one occA^i^on* The total 
^yliMba& aontauu 396 pVtLodM 



Item 


ChemI stry 


Physics 


Biology 


Total 


1. Teat-tube 15 % 150m 

2. Teat-tube 25 x 150™ 

3. Bunsen burner (Heat 

source) 

4. Holders test tube 

5. Stands test tube 

6. Thenwaetera 0^ - 110* 

7. Test tube 9 x 70m 

8. Beaker 250 nl 

9. Cork assorted 
LO. Cork borer 
LI, HaDd-lens 

L2. Pins optical 

l3. Rubber bungs assorted 

L4. Cover glass 15an x 15ca 

L5. Accumulator 

16. Glass slides 3" x 1" 

L7. Beaker 400 al 

L8< Stands'- laboratory 

,9. Measuring cylinders 

(Graduated) 
^0. Glass tubing 


138 (20) 
38 (06) 

27 (02) 

33 (04) 
25 (02) 

03 (01) 
18 (04) 

11 (01) 
10 (06) 
16 (01) 

12 (04) 

02 (01) 
05 (01) 


05 (01), 

14 (02) 
04 (02) 

14 (04) 
11 (01) 

03 (01) 
09 (01) 


10 (03) 

16 (01) 

10 (01) 
16 (01) 

03 (04) 

03 (02) 
08 (02) 

16 (06) 

12 (02) 
10 (06)_ 

04 (01) 

03 (01) 

08 ( -) 


138(20) 
48(06) 

48(02) 

43(04) 
41(02) 

20(04) 
18(04) 
18(02) 
18(06) 
16(01) 
16(06) 
14(04) 
12(04) 
12(02) 
11(01) 
10(06)_ 

09(01) 
09(01) 

08(01) 

08( -) 



onJ^Jjiat tut tu^eh aontaJju alt 4Xijn6 ^Kom tht Ctyton tUt 
3jJ ScUtnat equipwenC p^epoAed by AKlStR by tkt CuMA.m£jum Vt- 
yttoprntJit CzntKt, tUi^t^y o£ BdaaaXlan, Ctyton, 



In this case ic might be convenient for the first five items 
to be kept at the laboratory benches and the rest of the items in 
the list on shelving in the laboratory except for the last four 
items J the usa for which is so very Infrequent that they would be 
kept with even less frequently used items (not given in the table) 
in the laboratory store. 
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It may be worth mentioning at this stage that* in some coun- 
tries of the Region, science equipmant is issued to the teacher 
and that he or she is personally and financially responsible for 
Its safe keeping. In such situations it is a matter of common 
observation that the teacher Is very reluctant to use the equip'* 
ment of all and even more reluctant to let the students use it 
for, if anything is broken, then a deduction may be made from 
what is usually, in such circumstances , a very small salary. This 
paper offers no solucion for such situations^ which can only be 
resolved through appropriate administrative action and through 
building design. 

Assuming that Che education r.uthority has created an admi^ 
nistrative environment in which the teacher Is both able and wil-- 
ling to make full use of all the equipment providedj then it will 
be possible lo store certain items of equipment in the laboratory 
in the open and in a position where they can most conveniently be 
used. The nature of the items to be stored in this way will be 
determined from frequency of use tables* The location of the 
items close to the students' benches can be arranged as followsi'- 

a) in fixed storage units against which the movable lab- 

oratory benches can be placed in any desired posi^ 
tion. The storage unit could Include services such 
as water and drainage, gas and electricity* The 
units would be carefully located so that they in no 
u:jy obstruct the fleKlbility of the laboratory. 

b) in m< bile storage units or trolleys which can be 

m; ved to any desired point in the laboratory. 

Both solutions are Illustrated in the case studies that 
follow. 

Storage of the someurhat less frequently used items of equip- 
ment in the laboratory is best arranged along the walls in cup-^ 
boards or open shelves as appropriate and at the heights sugges- 
ted earlier in this paper. The Ceylon equipment list contains 
58 items which are used by the students less than twice a year 
and these^ together with the equipment specially provided for 
teacher demonstration ^ can be stored in a separate space which 
may also incarporate facilities lor preparatory work by the 
teacher prior to each lesson. 

Hi) How to $tor0 

Earlier in this paper, suitable heights for convenience in 
lifting items from shelves were discussed. Additional conmients 
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on apacial aspects of storage are given belowi- 



a) Large bottles in liquids ara stored in bulk 

befora dispensing into mote convenient smaller 
bottles, should be stored at floor level and, 
if they conLain corrosive liquids , it would be 
wise to provride sand trays in which to stand 
them* 

b) Poisons s small and exceptionally expensive items 

of equipment should be kept in lockable cup-- 
boards , 

c) As there is little uniformity in the vertical dl-- 

menslons of much science equipment, all open 
shelving should be adjustable for height* Lar-^ 
ger items should be put on the lower shelves 
and smaller items on the upper 

d) A suitable length of 10cm* wide shelving ' for 

small bottles will be found most useful whilst 
the rest of the shelving should be 40 cm* wide. 
The uppermost shelf in Figure 3 could con^ 

veniently be used for small bottle storage* 
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PART U - CASE STUOnS 



k - A LAKr^UVJr^ FU^ nJTEaHATED £CIE11CE IN MALAYSIA 

L C'^ '^'^fivu relevant Infomution 

1) The laburaLory v/iil be used by Forms I^llls with 
childron of 13-15 years of age. 

ii) Numbor of pupils per class: 40=45. 

iii) The syllabus indicates three types of practical 
work* 

P ^ Small group or Individual work 63% 
S ^ "Station" method J_/ 3% 
D ^ Demonstration Experiment 34% 

±v) The Science section. Ministry of Education, Malay- 
sia , has indicated that the itudents will work 
in pairs 5 but a group of up to four in number at 
one bench is acceptable* 

v) The use of visual aids Is indicated in different 
parts of syllabus, 

vi) Water, bottled gas and electricity is available in 
all schools. 

vii) Water is used in about 25% of the eKperlments, the 
use baing somewhat infrequent, (In addition to 
this, water will be needed for cleaning the 
equipment). The ''standard" Malaysian laboratory 
has 14 sinks with running water* 

vlil) The scheme of work indicatus that heat Is required 
intermittently for about 30% of the experiments, 
Tv^enty four burners arc included in the equip- 
mert list which Indicates that every pair of 
pupils are prrivided with this item. The "stan- 
dard" laboratory has 22 double-gas-outlets, 

ix) Electricity is used heavily in the section of the 
syllabus dealing with electricity. All sorts of 
power sources are mentioned , Mains power, dry, 
cells, batteries, etc. Mains power is only used 



y 

txpcn^mant 4ef up bij thu texLakoJi and comp£eted by 6tud^nt6, 
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for 'den^ons trations and scation work| dry cells 
are used in all other types of experiments re^ 
quiring eleccricity. Accumulators are included 
in the equi pment 1 iat as optional Items * The 
"standard*' drawings do not indicate any electri- 
cal out lets. 

x) Some partB of the syiiabuS5 especially section 13 
"support and movenient'' might need free floor 
space for eKperiinental work. 

xi) The concrete building structure shown in the draw- 
ings and in v/hich the laboratory is to be loca-^ 
ted^ has a span of 7*6m and a distance between 
the columns of 3*0mp 

xii) A combined store and preparation room is attached 



to the laboratory* Where two laboratories are 
provided one storage/preparation room Is shared 
by the two laboratories. Cupboards and drawers 
provided in the student benches are not normally 
used either by the students or for storing. 



2, T}te Proposals 

a) For thg Btud&nt's work station 

This should provide adequate space for pupils to 
work indi\/idually 5 in parts and in groups of up 
to four in number. 

h) Th e b&n ah worktop 



Studies have been made in the Institute of the 
reaching capacities of sitting and standing 14 
year old pupils * An estimate of the space re^ 
quired for experiments on the worktop has also 
been made. The outcome of this, togethar with 
consideration of the group sizes mentioned above 
is a hench ^op of plan dimensions 78,5 x 157 cm. 
The bench surfaces available for the different 
groups are shown in Figure 8, The best way for 
working in pairs is probably that shown in Fig^ 
ure 8(b) ^ but it is, of course^ also possible to 
work side by side as In Figure 8(c)* 
a) The hmight of bmch and ahair 

The height of the work table should be 76cm, This 
is a convenient height for a standing 14 year*- 
old pupil. For convenient sitting at this table 
the measurements of the chair should be as Indi-- 
cated in Figure 1* 
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d) The i:Lool 



Detailed drawir^^R of sconls were not provided by 
the Institute as ic was -Ms^mtd that a stool 
with the measurements indicaced .in Figure 1 
would be available on the Malaysian Harket or 
chat an oxisting design could easily be adapted. 
It Is important, however, that the stool be tnade 
in light metal as it should be easy to move. The 
stool should bu made without back as this is 
more convenLent for movement. 

e J Benah aons trniat ion 

It is important that enough knee space Is provided 
between the chair and the bench top. This means 
that the traditional wooden bench construction 
with a lengthwise support at the edges is 
desirable. Figure 9 shows a design for a bench 
made of wood, the lower lengthwise batten of 
which can function as a second foot^rest for the 
pupils * 




LABORATORY BENCH: SECTION SHOWING 
FREE KNEE SPACE AND FOOT RAIL fig. 9 
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3, Aativities 

The laboratory should provide adequate acconmodatlon for the 
following activities: 



{TI1L6 gAoup 6^sc not cZ^^tly p^opo^hzd Hit ^yUabu^ bat 4X 
M6iumd that icmc Qi tiit c.xp2Amzkit^ might lOtZZ fae aajt/Uad oat 
in ZoAgeA gAoup6. Thc^c gwaph 6izu ajiz zquaJtly aonvtrUtnt io/i 
di6aiLh6ion^ . ] 

£ ' ti^at I on 

1) Some demonstrations need to provide a closfe 
view for the students , who should thus be 
ac jnnnodated within quite a short dlitance 
of the demonstration bench; 

ii) During some demonstrations students will have 
to take notes* 

f) Leatures 

The pupils should be able to see and hear the 
teacher J see the chalkboard and take notes. 

g) Films and slides . 
4, ThB Layout 

Two proposed layouts A and B are shown In Figure 10. Layout 
A, is based on the standard Malaysian Laboratory unit (89 sq.m*). 
Laboratory B, is one bay smaller (67 sq,m*)* 

The furniture can be divided into four categories: 

a) Fixed furniturG 

b) Furniture to be moved occasionally 

c) Furniture which can be moved easily 

d) Miscellaneous, 



a) Individual expetimants 

b) Work in pairs 

c) Work in groups of four pupils 

d) Work in large groups of 8 to 10 pupils 



( 40 pupils ) 

( 20 pairs ) 

( 10 groups ) 

(4 to 5 groups) 
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1 WORK lABlB CSJ 

2 - - ON WHEILS C5) 

3 SfflVICi UKIT PUPILS' (6) 
i S = - TiACHER CI) 

5 OPIN SHtLVfS FOR fQUIPMfNT (1) 

6 - ^ ^ iAfii AND BOOKSi'l) 

7 STORAGi WITH DOORS {%] 

8 CHAIRS ' C4S) 

LABORATORY 




AREA iS saM. 

FiXiB FURNITURI 
MOVASLE 
I OFTfN MQVfD 



B fig. 10 B 
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a) FisBBd fuimitwe 

i) The aezn^ice imitB - The furniture that has to be 
fixed ie that containing services including wa« 
ter, power, gas and waste. Six serg^ice units 
for the students and one for the teacher have 
to be provided* 
The Btudmt*3 wiii, (Figure 11) includes running 
water outlets with a small sink and a gas out= 



' WATlR 



GAS 



OAS 




6AS 



MOV^SLf 
SHELVES 



7S CM 



plan elevation 
STUDENTS SERVICE UNIT fig. 11a 
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section 

STUDENTS SERVICE UNIT fig. 11 b 

let for every two students. It also Includss 
soma opan shelves for comnonly used Items such 
as test tubes, beakers and the like. 

Electrical outlets are not seem to be needed ac^ 
cording to the iyllabus, but if it is regarded 
as desirable by the science teaching inspect©^ 
rate, outlets could easily be Included in the 
service unit. 

The teaoher's unit is larger in size and includes 
in addition to the se^ices at the pupils' un* 
its, power outlets, lockable drawers and filing 
cabinet. As the whole depth of the unit cannot 
be utilized for the teacher's side, some shelves 
for books and periodicals are provided ^ facing 
the class* (Figures 12A and 12B) 
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fig. 12 A 
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53. CM, 
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D RAWiR 



FiLif; 



MOVABLi 
SHiUViS 



90. CM, 



section 



TEACHER'S SERVICE UNIT 



fig. 12 B 



ii) Storacie. for ec^uipmani 



Most of the storage for equipments should, it is 
propoild, be located in the laboratory | where 
it will be used. On the end wall of the labora-^ 
tory is a wall unit with movahle, open shalveij 
This 5 because it is openi makes It possible to 
effectively utillEe the storage while s at the 
same time, items can easily be checked* The top 
shelf could be used for museum proposes. (FiS"" 
are 13) 
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It might however not be advisable to store some 
equipment on open shulvas (du^ts fungus, acceisi- 
blltty)* Additional ?.tnrage with lockable doors 
is lucated under the bancheB at the entrance 
wall* (Fi^^iirL^s 14 nnd 10) 

As the pupils might bring books and bags which will 
not be lised during the science lesson and which 
might be a nuisance on the benches, a storage 
unit for these items is proposed at the entrance 
to the laboratory (Figures 10 and 15) . 




• 30 CM. « 



78 CM. 




f 50 CM ■ 50 CM, 

elevation 



50 CM, 



section 



BAG AND BOOK STORAGE 

b) Furniture to be mavad aaaasicnallu 



fig. 15 



The work tablB - the duslgn of which has already been dls-^ 
eussad and Illustrated In Figures 9 and 3 0 will normally be l^ca-^ 
ted at the service units as in Figure 10. It will be shown 14ter 
however, that on some occasions, a rearrangement could be useful. 
The table which has no under bench storage, will be easy to m^ve. 
The table used by the teacher, it is proposed, should be Identi- 
cal to that used by the pupils* A bench height of 76 cm is ^on^ 
venient for an adult for sitting work with a normal chair* For 
standing work the height is low for some experiments, but for 
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others wherti the eKperlment is built up above the tsbls surface 
the height is more convenient. Furthermore, the top of the ser- 
vice unit Is 90cm above floor level which, is a convenient "itand^ 
ing height". 

o)__Oft&n arid Qasily movable furniture 

i) The stoota^ discussed oarliGr in Part 1 and raea- 
surements of which are given in Figure 1, should 
be easy to move round as Che teaching methods 
require. For this reason they must be light and 
the material used should be light metal* A woo- 
den chair might be too heavy but wood is pre- 
ferred a stool (without backrest) is recommend*- 
ed. An advantage with the backless stool is 
that it can be completely stored under the bench 
when not in use* 

ii) In addition to the work tables ^ five smaller tablBB 
on whe&is are proposed (Figure 16)* These can 
be used as additional work surfaces for the stu- 
dents as well as for the teacher* They can also 
ha used for transport of equipment and appara- 
tus, and for eKperimenti prepared before the 
lesson in the store* Furthermore ^ they can be 
used for standing eKperiments of long duration* 

d) Misa&llaneoUB 

Chalkboax*d^ chart rail - The whole wall length behind the 
teacher should be used for a chalkboatd. Its vertical location 
should be from about l*8m above floor level to about 76cm above 
floor level* It is also uaeful to paint doors as chalkboards. 
This extends the possibility of informal lecture and discussions 
between the teacher and individual or groups* A chart rail 
should be fixed along the top of the chalkboard* 



g> The PhysiQal Impliaations of the Saheme of Work 

a) L^oratory ^^A" 89 sq^m, (Figure 10) 

The room is divided into two parts, one mainly for demons- 
trations and one mainly for experiments. 

The free area around the demonstration table can easily 
accommodate 45 students on chairs* This part of the laboratory 
can be used for demonstrations ^ lectures and for films or slide 
projections * 
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WORK TABLE 
CM. ON WHEELS 

fig. 16 
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The part of the laboratDry 
sec asido for practical work 
acconunodatas 36 students with 
four at each table!. To place 
fivti Ht each table is posslblG 
hue a little Igbh cunvunlent. 
The laboratory however could 
thcjn take 45 ^tudivnts. Anuther 
way tv extend the basic number 
of 36 studantB Is to lacat& 
three of the movable tablus 
(with wlu^els) in between the 
basic tai)Lei» providlnR 42 stu-^ 
dent places. 

h) Lai' pati.-iK: . ''B'\ r ? qg^n, ' 

The t^Kpe^imentai area in 
this laboratory is identical 
with that of laboratory "A" 
which givtis accommodation ior 
up to 45 students. The demon^ 
stration area^ however ^ is much 
STnaller, Three ways of accom-- 
modating ritudonts for demons-- 
t rat ions are suggested^ 

i) Whm utu^ien:^^ nkjcid to take 
note^^ - The distance from 
the teacher to the furthest 
table is short and the students 
can use tlie work tables for 
note taking (see Fi.^ure 17) • 

ii) Wh(^n ^tuda>ita K&Qd to ba 
aliWQ bo demoyiGtiWiGn Lo ^^^e 
chtaiiu - This will be required 
occasionally and mostly only 
for short sequences of the de- 
monstrations. At these occa-- 
slons the students can follow 
the sequence simply by standing 
around the demonstration table. 
It is recommended here in order 
to avoid overcrowding, to di- 
vide the class into narts (20 
to 22 pupils each) . 




J DEMQNSTRATtON WITH PUPILS 

TAKING NOTES AT THE V/ORK- 
BENCHES. 




DlSCgSSlDNS, DEMONSTRATIONS 




) WORKING IN LARGE GROUPS 

ALTERNATIVE FURNITURE 
ARRANGEMENTS IN 
SMALLER LABORATORY 

fig. 17 
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iiij m^K the :}vitario in (i) and Hi) ham to b^) fulfiiled at 
tka ea:h^; tinn^ - At these occasions it is suggested to rearrange 
the furntturc is ahown in Figure 17(b), In Flgury 17Cc) the 
furniturtj is arran^t?d for students warkliig in Inrge grouns. 

Figure JO showH one t^vLdent advanuagei of deBion A, iho 
largo^r laboratory, ovar d&siyn B. If the method of teachint 
changes duriiiR ona pt^riod from deimmstration tr student vor nnd 
fiiiaily to n r^copituLation by uhu teac-hBr rhirh includiis a gen-- 
eral discuss lonj it will be far isaHier to effect the changes In 
student pobiMuns in tlit* largu iaboratory, AC the end of an sk^ 
perlment, the aL\iduntb laboratory benches will be covered with 
equLpTFCnt ana thus If thtire lu cncuRh space provided they can 
take their rhnirs to the discussion area for the concluding sec- 
cion of the lesion. If there Is sufficient money for two seta of 
chairs or itools, then one set can remain , in the experimental 
area and thu other in tlie discussion area so that all the student 
have to do is to move from one place to the other. 

The second advantage of the larger space provided by the '*A'- 
type laboratory is that the demonstration area can also be used^ 
if necessary, for special experimenti that require extra space. 

The' main advaniage of the smaller laboratory is, of course, 
its lower cost. A choice mieht be made between the larser labo- 
ratory without a preparation room or a smaller laboratory with 
one, in situations where funds are short. 



Figure 18 illustrates a aimpJe preparation room. Much of 
the furniture is similar in design to that proposed for the main 
laboratory* The furniture should not be fixed in order to pre^ 
serve the maximum flexlbllicv, A preparation room may serve not 
only its main purpose which is preparation and storage but also 
as a temporary dark room, a place for able students to work in, 
and so on. 
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MORI STORAOE DARKROOM 



FLEXIBLE PREPARATION-STORAGE 
?00M. fig.18 
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- A NULTI^PURPOJE LABORATOny FOE LOl/EF-nECmD LEVEL SCIENCE 
THACUim IN CEiLON SCHOOLS 



2, Baaknpound 

The prusent curriculum for science in Grades IX and X In 
Ceyl tni Hciionls is as f ol Lows * 

IK X 

PHYSICS 5 6 

CHEMISTRY 5 6 

BIOLOGY _6 

15 18 



For each subject and each grade, datailed scbeines of work 
are availablti in ffiuch the same way aa they are for the Integrated 
Science curriculum in MalayBia, Analysis of these schemes shows 
a substatitial proportion of practical work that requires labora- 
tory facilities for its Implementation* 



Although the Ministry of Education is building new labora- 
tories for schools that do not have any, the overall shortage is 
such that in many schools it is not possible to give the students 
more than two periods per week in the laboratories* As a pro^ 
granme of laboratory construction to Improve this sltuacion will 
take many years to carry outj and ^ as at present a high percent^ 
age of science ceaching Is done in the classroom, it would seem 
sQnstble to examine ways in which classrooms can be converted to 
laboratory use. The Ceylon standard school building fortunately 
lends itself very well to this approach. The standard school 
comprises a longj twenty feet wide hall without division between 
teaching groups as is shown in Figure 19, The children sit In 
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PLAN OF TYPICAL CE 
HALL TYPE BUILDING 



MOVAlLi SlRVlCi UNITS 

ON. SINGLE STOREY 
fig. 19. 
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ngnnnl ^ ruupins^i atui tho mciin difference between this type 

of building nncl muru canventioral schools is that there are no 
internal divlsiun walls l^aiwean nlnsse^, 

\:'-\'^ iwil l^-Uypf' : riigoi i t> well lit but nol «i;*cur^2 as there 
ara w.^ ii'hu:i:^rB ov wli^dowR* Tita .5pen sid«s in trict provide for 
thermal cc mfOiTt* In i^urnl axQar ^ there: is rarely piped WEter, 
gas or eicc < rici ty i What la nctdeu is thus a unit from which can 
be pro due ed at very ^^jhort notice and somewhat in the manner that 
o ccnjurcr producGs a rnbit tram a hatja full laboratory facility 
The fnclllLy n^.j^t be such that It can be put back in the '*hat" at 
much the same ypeed as it was taken out. The unit must be water 
proof and securG frotn theft. It will be an' added advantage if 
the unic ir; easily movable so that^ f rom year to year^ its poal- 
tim in the hall can b^ adjusted depending on the enrolment of 
students in the classes on either side of it# The solution to 
the Drohlem Is indicnted in outline in Figure 20 which also shows 
how tha unit can be located in various positions depending on the 

Tuc general w.ny in which the propoaal outlined in Figure. 20 
opc";at:os^ ; 5 ob follows I Inside cha unit are simple trolleys on 
which writers plastic sink^ spirit lamp and essential enuipinent as 
suf:j:a.>ucd by luc Ci^equenny of use table are stored* At the start 
of ench ".cJ.ence lesson, the teanher unlocks the store and four 
studentfi trake out one trolley each which they ^locate between a 
pair of tab Ion. Such other raaterlcils as are then needed are also 
drawn from the locked .stoLc and the lesson comic nces* At the end 
of the ncriod* the trolleys and materials are wheeled back into 
the stora .usd Lhu n^-xt Icason tc|i^r>^ *ni|^hr: bo hlgtory or geography 
cornmcnccs. Al Lcrnat i vuly , the spaces on either side of the store 
can Lu rarLiv^d for ail.^ncu teaching, ^ J^lata^V shows a normal 
class in ^oB-^ion loi a ^»cooraphy leiis-on and Plate VI shows the 
sanie ciauii, Lt:n uiuutu^i latere s^udyLng science, 

3j St ^rc^ ^ ^ ^nt t 

T'R^ storage iiuit s^Jll include all items except chairs and 
wnrktahlns, which vjould norrnal'^y be kept in the open hall* Some 
project wcrkj such as the grow ng of plants, could also be kept 
in the hall. For the transport /^"^ equiximent and apparatus between 
the storage unit and the studeut-s and teather's work stations 
there are a numbar of mv^lm rBm>iQ& units each with the items 
needed tor cha lasscn. For chemiscry lessons^ for escampiej the 
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OPEN HALL LABORATORY 
AltcrnativB positions of storage Unit 

depending on class size fig. 20 
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units might be- loaded \nt)i aspirators and sinks, kerosene stoves, 
beakers, test tubes and chemicals; for a physics lesson they 
would carry acciimulators , electrical fittings, meters etc- 

A small numhLir of scudents could work in the storage unit 
made into a dark room. This may assist in optical experiments in 
the physics syllabus* Furchermore, some project work, which needs 
mora than one period to be carried out, could be kept in this 
storage unit. 





STORAGE UNIT 
fig. 21 
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The storage unic Is shown in Figure 21 and Place VII and the 
movable service unit in Figure 22 and PIat<2 VIT , 




-j. The WorJi Station 



The work station will provide convenient working areas for 
different activities and group sizes. Figure 23 shows how the 
proposed work top relaces to tha rcsaching capacities of the 
students. 




comfortable reaching maximum reaching 

sitting s 
standing ^ 

PUPILS REACHING OVER TABLE 75X150 cm. 

figure. 23 
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Conibinations of this work top in relation to relevant acti- 
vities is shown in Figures 24A and 24B. 



ERIC 




practical work 
40 students in groups of 5 
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FURNITURE LAYOUTS FOR 
DIFFERENT ACTIVITIES 



fig. 24 A 
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The work table should be easy tu move around, and at the 
same tim^i^ should be rigid, FurthGraarej the table should pro= 
vide adequate knee-space for the pupils (see Figure 1). 
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iectures ( demonslTations ) 
36 pupils 

FURNITURE LAY-OUTS FOR 
DIFFERENT ACTIVITIES 



fig. 24 B 
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5, Canatusion 



While t the field trial of the laboratory i described above, 
for the Malaysian situation will not cotmence until later in 1970 
(although working drawings have already been prepared by the 
Public Works Department of the Governtnent of Malaysia ) the field 
trial of the science laboratory in the Ceylon situation has now 
been in progress for three or four months and sufficient confi-- 
dance in the validity of the design has been established* The 
Ministry of Education, Ceylon has now decided to install the lab= 
oratory in a further hundred Ceylon Secondary Schools by the and 
of 1970. Opportunity has been taken in studying the Ceylon labo-^ 
ratory in use to make minor modifications to some details of con- 
struction, butj by and large, the hundred laboratories yet to be 
built will substantially follow the original design. The cost of 
the laboratory and the furniture in the Ceylon situation is 
approximately one seventeenth of that of the normal conventional 
laboratory* The unit Is^ of course , much more flexible. Further 
reports on the perfonnance of the designs described in both of 
the case studies above will be published, from time to tlmej by 
the Institute in its periodical "Technical Notes"* 
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